In vitro Aggregation of Alliaria Mosaic Virus Protein
(Accepted 2 October I973) SUMMARY Alliaria mosaic virus (A1MV), a possible member of the PVY group, easily undergoes a partial disruption during the last stages of purification or upon standing of purified virus preparations. Protein dissociation from the virus particles usually gives random aggregates and can, in some cases, organize itself into helical structures. Two main kinds of helical structures have been observed in electron micrographs of purified virus suspensions: single and double helices. Both helical structures have a diam. of 28 nm and a pitch of 70 nm.
In a previous paper (Papa, I973) we proposed a method for the purification of Alliaria mosaic virus (A1MV), a filamentous virus, morphologically belonging to the PVY group, which was recently isolated in North Italy from Alliaria officinalis. The virus is transmitted by aphids in a non-persistent manner. A number of other viruses were previously isolated from A. officinalis (Stefanac & Mili6id, i965; Lapierre & Grison, I969) , the first identified as turnip mosaic virus (TuMV). However, A1MV differs from TuMV in some biological and biochemical properties. In the same paper we also pointed out that virus particles can easily undergo a partial degradation and, consequently, purified preparations of A1MV often contain different amounts of free virus protein which can be demonstrated both by immunodiffusion and by electron microscopy. This protein usually gives random aggregates of variable size and shape.
In this paper we describe aggregates frequently observed in purified preparations of A1MV. A1MV was grown in Petunia hybrida, as previously described (Papa et al. x973 ) and purified infectious material was checked for the absence of residual host plant proteins by the Ouchterlony double diffusion test both against virus-specific antiserum and against antiserum to host proteins, by electrophoresis in a o to 4o % sucrose density gradient in o. I M-tetraborate-boric acid buffer at pH 8-4 and by polyacrylamide gel electrophoresis of the proteins dissociated with SDS as described by Shapiro, Vifiuela & Maizel (1967) . Samples for electron microscopy were treated with an equal vol. of o'o5 % bovine serum albumin, negatively stained with potassium phosphotungstate at pH 6.8 and mounted on 3oo-mesh copper grids with a carbon-stabilized Formvar membrane. Grids were examined in a Siemens Elmiskop II or occasionally in a Philips E.M. 3oo electron microscope.
In electron micrographs of purified preparations which had undergone a partial degradation during the last stages of purification or upon standing (Fig. t) , three different kinds of structures could be distinguished: elongated virus particles with a modal particle length of 745 nm, protein aggregates organized into open helical structures of variable length, and random aggregates. These random and helical aggregates are probably made of virus-specific protein derived from a partial disruption of virus particles since, when present, no reactions were observed with antiserum to healthy leaves, while more diffusible bands (relatively to the virus one) were present in tests against A1MV antiserum. On the basis of the data available to us at present, however, we cannot definitely rule out the possibility that such aggregates may also contain RNA fragments in addition to virus protein. Helical structures with a higher degree of complexity were also observed, although less often. In Fig. 2 , double helices consisting of two plectonemically coiled single helices can be seen. This complex structure cannot originate from the combination of two single helices by simple approach and the threading of two preformed single helices one into the other is improbable since in none of the electron micrographs examined has it been possible to detect partially threaded single helices. The pitch of single and double helices is approx. 7o nm and the diam. 28 nm (measured in Fig. 2 (a) employing TMV as an internal standard). Structural features of double helices are not equally detailed in all electron micrographs. While in Fig. z the two plectonemically coiled double helices are clearly distinguishable, in Fig. 3 (a) and (b) double helices appear as linear arrays of triangles with alternate orientation. The same image can be obtained by illuminating with visible light a model double helix constructed with tin wire (Fig. 3 c) . Similar helical structures, although characterized by different parameters (pitch 28 to 29 nm, diam. I2 nm), constitute the preferential in vitro organization form, at pH 5"2 of the defective PM2 tobacco mosaic virus protein (Zaitlin & Ferris, 1964; Siegel, Hills & Markham, 1966 ) . These authors also found a third kind of helical structure, the double-double helix which consisted of two plectonemically coiled double helices which intertwine and which appears in electron micrographs as a linear array of triangles similar to those shown in Fig. 3 . In our case, however, because of the lower resolution and of the images obtained with model double helices, we cannot interpret in a similar way our electron micrographs. It is interesting to note that very small differences of the coat protein determine its tendency to organize itself into such regular helical structures. An example is given by the above mentioned nonfunctional strain of TMV, which synthesizes an altered coat protein differing from the type strain for two amino acid replacements (Wittmann, I965, Zaitlin & MacCaughey, I965) , while the protein of an English mutant of PM2 does not aggregate under the same experimental conditions into helical structures (Kassanis & Turner, I972) .
Similarly a modification of A1MV protein either through the exposure of some reactive groups following its release from virus particles or through a surface denaturation could determine its in vitro polymerization into the helical forms described in this paper and which have been observed in a certain number of purified preparations.
The authors thank the Centro di Microscopia Elettronica della Universit/~ di Torino for electron micrographs and Mr G. Gaviani for the electron micrographs. 
Laboratorio di Fitovirotogia Applicata

